The Earth's lithosphere and mantle respond to Space Weather through time-varying, depth-dependent induced magnetic and electric fields. Understanding the properties of these electromagnetic fields is a key consideration in modelling the hazard to technological systems from Space Weather. In this paper we review current understanding of these fields, in terms of regional and global-scale geology and geophysics. We highlight progress towards integrated European-scale models of geomagnetic and geoelectric fields, specifically for the purposes of modelling geomagnetically induced currents in power grids and pipelines.
INTRODUCTION
Geomagnetically Induced Currents (GIC) flow in grounded conducting networks, such as power grids and pipelines, during geomagnetic storms. GIC are near-DC electrical currents that are a consequence of the induced geoelectric field that follows from Faraday's law of electromagnetic (EM) induction. To fully understand the flow of GIC in networks we need to first understand how the geoelectric field responds to a given geomagnetic distur-bance. This geophysical response depends on three main factors: the spatial structure and variation periods of the primary geomagnetic field and the three-dimensional conductivity structure of the Earth. Given a surface distribution of the geoelectric field, electrical network analysis can then be used to determine the flow of GIC in conducting networks (e.g., Lehtinen and Pirjola 1985, Pulkkinen et al. 2001) .
In this review we will report on recent progress on the geophysical problem, particularly in the understanding of the three-dimensional electrical conductivity structure of the Earth from both global and regional EM surveys, and from technical (modelling) innovations. We summarise major recent discoveries and provide, for the reader, references to the major papers. We concentrate on papers published in the last ten years or so and therefore refer the reader to the reviews of Schwarz (1990), and Hjelt (1988) , for the status of the scientific literature prior to this time.
The structure of the paper is as follows. In Section 2 we discuss recent global induction studies that reveal current 'best estimates' of the electrical conductivity of the Earth's mantle and lithosphere. In Section 3 we highlight studies that provide resources relevant to deriving regional conductivity models, for example on the European continental scale. In Section 4 we outline various techniques that are, or could be, employed to model the EM fields relevant to GIC. Note that the scope of this paper is restricted to the electromagnetic induction studies relevant to GIC, and is not intended to be exhaustive. The reader is referred to Kuvshinov (2007) for a review of induction effects (in 3D and 1D models at sea level and satellite altitude) in magnetic fields due to magnetic storms, geomagnetic daily variations, tides and ocean circulation.
GLOBAL CONDUCTIVITY MODELS
The Earth surface 'footprint' of Space Weather can be large: both continental-scale and global-scale EM fields can be induced in the Earth, depending on the scale size and period of external magnetic variations, these being subject to solar wind control. The global scale response occurs primarily in the deep mantle. In this section we highlight recent global induction studies that provide deep mantle conductivity models. These models typically have a simple radial dependence and are used to underlay various crustal/upper mantle models required to model EM fields at periods relevant to GIC.
Radial Conductivity Models
Magnetic satellite missions such as CHAMP (2001 to present), Ørsted (1999 to present), and SAC-C (2002 to present) offer global uniform data coverage. These data sources have been used to derive deep (to a depth of 1500 km)
